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Abstract
We construct the thin-shell wormhole solutions of novel four-dimensional Einstein-
Gauss-Bonnet model and study their stability under radial linear perturbations. For posi-
tive Gauss-Bonnet coupling constant, the stable thin-shell wormhole can only be supported
by exotic matter. For negative enough Gauss-Bonnet coupling constant, in asymptotic flat
and AdS spacetime, there exists stable neutral thin-shell wormhole with normal matter
which has finite throat radius. In asymptotic dS spacetime, there is no stable neutral thin-
shell wormhole with normal matter. The charged thin-shell wormholes with normal matter
exist in both flat, AdS and dS spacetime. Their throat radius can be arbitrarily small.
However, when the charge is too large, the stable thin-shell wormhole can be supported
only by exotic matter.
1 Introduction
Traversable wormholes are solutions of Einstein equation that connect two regions of the
separate universe by a throat that allows passage from one region to the other. The modern
wormhole physics was pioneered by Morris and Thorne [1]. They constructed smooth traversable
wormholes with exotic matter that violates the null energy condition [2]. Another class of
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traversable wormhole, the thin-shell wormhole, was introduced by Visser [3]. This class of
wormhole is constructed by gluing two spacetimes to form a geodesically complete manifold
with a shell placed at the junction interface. The thin-shell wormholes are not smooth at their
throats, while can minimize the usage of exotic matter. The stable thin-shell wormholes in
general relativity also violate the weak energy condition [4]. Various attempts were made in
alternative theories of gravity [5]. In Einstein-Gauss-Bonnet gravity, the Gauss-Bonnet term
plays a role of negative effective energy density and thus allows for traversable wormholes
supported by normal matter. The thin-shell wormholes in higher dimensional Einstein-Gauss-
Bonnet gravity and their stability have been studied in many works [6–9].
The Gauss-Bonnet term contributes to gravitational dynamics in dimension D ≥ 5 in
general and has no dynamics in four dimensional spacetime. Recently, by rescaling the coupling
constant in a special way at the level of the field equation, it was found that the Gauss-Bonnet
term does contribute to the dynamics in four dimension [10]. This novel 4D Einstein-Gauss-
Bonnet gravity circumvent the Lovelock theorem and avoid the Ostrogradsky instability. It has
attracted a great deal of recent attention [11–17]. The static spherically symmetric black hole
solutions in this theory without matter has some remarkable properties. The interior horizon is a
white hole. The gravitational force near the center is repulsive. This property is rather different
from those of black hole solutions in higher dimensional Einstein-Gauss-Bonnet gravity. It is
thus necessary to study more solutions of this novel theory. The Morris-Thorne type smooth
wormhole in this theory was studied in [18], where the flare-out conditions, embedding diagrams,
energy conditions are analyzed.
In this work, using the generalized Darmois-Israel conditions for Einstein-Gauss-Bonnet
gravity [19], we construct the thin-shell wormhole solutions and analyze their stability under
linear radial perturbations. When the Gauss-Bonnet coupling constant is positive, the stable
thin-shell wormhole can be supported only by exotic matter. Only when the Gauss-Bonnet
coupling constant is negative, there could be stable thin-shell wormhole with normal matter.
The qualitative behavior of the thin-shell wormhole solutions in asymptotic flat and anti-de
Sitter (AdS) spacetime is similar, while those in dS spacetime behaves much differently. The
effect of charge on the stability of the wormhole will also be studied.
This paper is organized as follows. Section 2 describes the novel 4D Einstein-Gauss-Bonnet
gravity. Section 3 constructs the thin-shell wormhole in this novel theory. Section 4 analyze
the stability of the thin-shell wormhole. Section 5 is the summary and discussion.
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2 The 4D Einstein-Gauss-Bonnet gravity
The action of the D dimensional Gauss-Bonnet gravity with Maxwell field and cosmological
constant reads
S =
1
16pi
∫
dDx
√−g
[
R + 2Λ +
α
D − 4G
2 − FµνF µν
]
, (1)
in which g is the determinant of the metric, R is the Ricci scalar, Λ is the cosmological constant,
α is the Gauss-Bonnet coupling constant and the Gauss-Bonnet term is
G2 = R2 − 4RµνRµν +RµναβRµναβ, (2)
where Rµν is the Ricci tensor and Rµνρσ the Riemann tensor. The Maxwell tensor Fµν =
∂µAν − ∂νAµ, in which Aµ is the gauge potential. Varying the action (1) with respect to the
metric, the Einstein equation reads
Rµν − 1
2
Rgµν +
α
D − 4Hµν = Tµν + Λgµν , (3)
in which
Hµν = 2(RRµν − 2RµσRσν − 2RµσνρRσρ −RµσρβRσρβν)−
1
2
gµνG2. (4)
and the energy-momentum tensor of the Maxwell field
Tµν =
1
4
(
FµσF
σ
ν −
1
4
gµνFαβF
αβ
)
. (5)
The Gauss-Bonnet term G2 is a topological term in four dimension. Its variation with respect to
metric vanishes in general. However, by taking the limit D → 4 in (3), non-trivial contribution
to the gravitational dynamics from the Gauss-Bonnet term was introduced in [10]. The static
spherical symmetric charged black hole solution of this novel 4D gravity with a cosmological
constant is given by [11]
ds2 = −f(r)dt2 + 1
f(r)
dr2 + r2(dθ2 + sin2 θdφ2), (6)
where the metric function
f(r) = 1 +
r2
2α
(
1−
√
1 + 4α
(
2M
r3
− Q
2
r4
+
Λ
3
))
. (7)
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The gauge potential Aµ = −Qr dt. The positive Λ corresponds to asymptotic dS solution and
the negative Λ to asymptotic anti-dS (AdS) solution. M is the mass parameter and Q is the
charge parameter. Note that the solution (6) can also be derived from the Horndeski gravity [13]
and conformal anomaly [20]. When α → 0, the Reissner–Nordström-(A)dS metric in general
relativity can be recovered.
3 The construction of the thin-shell wormhole
Now we construct a spherically symmetric thin-shell wormhole starting from the geometry
(6). Take two copies of the spacetime
M1,2 = {r1,2 ≥ a}, (8)
in which there is no horizon and singularity when r > a. These two region are geodesically
incomplete manifold with timelike boundaries Σ1,2 = {r1,2 = a}. Identifying these two bound-
aries Σ ≡ Σ1,2 with a surface energy-momentum tensor Sij of a thin shell such that the geodesic
completeness holds for the new manifold M = M1 ∪M2 which is the new spacetime with a
wormhole throat at Σ. Based on the generalized Birkhoff theorem, the geometry for r > a is
still given by (6).
On timelike hypersurface Σ we can define the line element by
ds2Σ = −dτ 2 + a(τ)2(dθ2 + sin2 θdφ2), (9)
where τ is the proper time measured by a comoving observer on the wormhole throat. The
thin-shell geometry is assumed a function of τ to study the stability of the thin-shell wormhole.
The thin-shell spacetimeM is not smooth at the throat Σ and appropriate junction condition
should be imposed. For Einstein-Gauss-Bonnet gravity in general dimension, the generalized
Darmois-Israel conditions on Σ determines the surface energy-momentum tensor Sij which can
be expressed as [19]
Sji = −
1
8pi
〈
Kji −Kδji
〉− α
16pi
〈
3J ji − Jδji + 2P jimnKmn
〉
. (10)
Here the bracket means the jump across throat. Kmn is the extrinsic curvature of the throat
and its trace K = Kii . The divergence-free part of the Riemann tensor Pimnj and the tensor Jij
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are given by
Pimnj =Rimnj + (Rmngij −Rmjgin)− (Ringmj −Rijgmn) + 1
2
R(gingmj − gijgmn), (11)
Jij =
1
3
(2KKimK
m
j +KmnK
mnKij − 2KimKmnKnj −K2Kij), (12)
and the trace J = J ii . Note that the tensor Pimnj is calculated with the induced metric on
the throat Σ. The surface energy-momentum tensor Sij satisfies the conservation equation
DiS
i
j = 0 where Di is the covariant derivative on Σ. With the original metric (6), we get the
non-vanishing components of the surface energy-momentum tensor as
σ =− ∆
4pi
[
2
a
− 4α
3a3
(
∆2 − 3(1 + a˙2))] , (13)
p =
1
8pi
(
2∆
a
+
2l
∆
− 4α
3a2
[
3∆l − 3l
∆
(1 + a˙2)− ∆
3
a
− 6∆
a
(
aa¨− 1
2
(1 + a˙2)
)])
. (14)
Here σ = −Sττ is the surface energy density and p = Sθθ = Sφφ is the transverse pressure
on the thin-shell. ∆ ≡ √f(a) + a˙2 and l ≡ a¨ + f ′(a)/2, where the overdot and prime denote
derivatives with respect to τ and a, respectively. Above equations show that Sij = diag(−σ, p, p).
The surface energy density and pressure satisfy the conservation equation,
0 =
d
dτ
(σa2) + p
d
dτ
a2. (15)
The first term is the change of the internal energy and the second term is the work by the
internal forces of the shell. For static thin-shell wormhole with radius a0,
σ0 =−
√
f(a0)
4pi
[
2
a0
− 4α
3a30
(f(a0)− 3)
]
, (16)
p0 =
√
f(a0)
8pi
[
2
a0
+
f ′(a0)
f(a0)
− 4α
a20
(
f ′(a0)
2
− f
′(a0)
2f(a0)
− f(a0)
3a0
+
1
a0
)]
. (17)
Now we consider the energy conditions for the static thin-shell wormhole. The weak energy
condition (WEC) states that for any timelike vector Uµ there must be TµνUµUν ≥ 0 and the
null energy condition (NEC) requires that for any null vector kµ there must be Tµνkµkν ≥ 0.
In an orthogonal basis, the WEC reads ρ ≥ 0, ρ + pi ≥ 0 and NEC reads ρ + pi ≥ 0 where
i ∈ {θ, φ} where ρ is the energy density and pi the pressure along the i-th coordinate. In
the case of the spherical thin-shell wormhole we considered here, the radial pressure pr = 0
and ρ = σ0δ(r − a0). The WEC and NEC coincides as σ ≥ 0. The matter violates the energy
conditions are called exotic. The total amount of exotic matter has been pointed as an indicator
5
of the physical viability of traversable wormholes [21]. The most usual choice of the total amount
of the matter in the static wormhole is given by [22]
Ω =
∫
(ρ+ pr)
√−gdrdθdφ = 4pia20σ0. (18)
The total matter is proportional to the energy density σ0. From (16, 17) we see that when the
wormhole radius a0 tends to the event horizon in the original metric, the energy density tends
to zero, while the pressure tends to divergence unless f ′(a0) = 0 in general. This corresponds
to the extremal black hole in the original metric. However, when α = −a20/2 for EGB gravity,
the wormhole can have finite pressure.
4 Stability of the thin-shell wormhole
To study the stability of the thin-shell wormhole under a radial perturbation of the throat
radius, we adopt following linear relation [4] for the matter.
p = p0 + η(σ − σ0). (19)
Here σ0 and p0 are the energy density and pressure on the static thin-shell r = a0. For wormholes
which are supported by normal matter, η1/2 is the speed of sound of the normal matter. Here we
take it as an arbitrary constant due to the presence of exotic matter. With (19) and conservation
equation (15) we get
σ(a) =
σ0 + p0
η + 1
(a0
a
)2(η+1)
+
ησ0 − p0
η + 1
. (20)
Comparing with the one from Einstein equation (13) on the shell, one gets the equation of
motion of the wormhole
a˙2 + V (a) = 0. (21)
Here the potential of the wormhole’s motion
V (a) = f(a)−
[
(
√
A2 +B3 − A)1/3 − B
(
√
A2 +B3 − A)1/3
]2
, (22)
and
A =
3pia3
4α
σ(a), B =
a2
4α
+
1− f(a)
2
, (23)
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where σ(a) is given by (20). Note that when α→ 0, we get
V =f − [2piaσ(a)]2 , (24)
which is the same as that in [4]. The potential V (a) determines the stability of the thin-shell
wormhole under linear perturbation. It can be shown that both V (a0) and V ′(a0) vanishes.
Then the expansion around a = a0 at leading non-vanishing order gives
a˙2 +
1
2
V ′′(a0)(a− a0)2 = 0. (25)
The requirement for stable equilibrium implies V ′′(a0) > 0. The expression of V ′′(a0) is com-
plex. In the following subsections, we will plot the stable region of the thin-shell wormhole
in asymptotic flat, dS and AdS spacetime for choosing parameters. Hereafter we fix the mass
parameter M = 1 for convenience. The free parameters are then Λ, Q, α and η.
4.1 Stable region in asymptotic flat spacetime
For asymptotic flat spacetime, the cosmological constant Λ = 0 and the metric function
f(r) = 1 +
r2
2α
(
1−
√
1 + 4α
(
2M
r3
− Q
2
r4
))
(26)
has two roots
r± = M ±
√
M2 −Q2 − α. (27)
Note that we are not limited by M2 − Q2 − α > 0 here. The thin-shell wormhole geometry is
well defined as long as the singularity or the event horizon are surrounded by the throat r = a0.
We show the stable region of the thin-shell wormhole in 4D EGB gravity when Q = 0 in
Fig. 1 (with α > 0) and Fig. 2 (with α < 0). As α increases, the stable region enlarges. When
α is large enough, only negative η enables the existence of stable wormhole and the throat of
the thin-shell wormhole can be arbitrarily small. The energy density of the thin-shell is also
shown. When α > 0, the energy density is always negative. The total matter supporting the
stable thin-shell wormhole is exotic.
7
Figure 1: The stable region when Λ = 0 and Q = 0 with positive. The upper panels for α = 0 and
0.99, the lower panels for α = 1.01 and 1.2, respectively. The corresponding metric function f(r) and
energy density σ0 are plotted in the insets.
The cases are more interesting for negative α. The stable region shrinks suddenly and only
negative η enables the existence of stable wormhole, as shown in the upper left panel of Fig. 2.
As α further decreases, positive η also enables the stable wormhole provided that the throat is
large enough. When −α becomes large enough, stable wormholes can be supported by normal
matter with positive energy density and sound speed, as shown in the lower right panel of Fig.
2. Note that here α is unbound below. The stable region which can be supported by normal
matter will be larger as negative α decreases further.
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Figure 2: The stable region when Λ = 0 and Q = 0 with negative α. The upper panels for α = −0.1
and −8, the lower panels for α = −9 and −20, respectively. The corresponding metric function and
energy density are plotted in the insets.
Now let us consider the case when Q > 0. As shown in Fig. 3, the total matter supporting
the stable wormhole is exotic when Q is small. As Q increases, the total matter supporting the
stable wormhole can be normal provided the throat of the wormhole is not too large. However,
when Q is large enough, only exotic matter can support the stable wormhole. Note that here
Q is not unbounded above.
9
Figure 3: The stable region when Λ = 0, α = −0.5 with various Q. The upper panels for Q = 0, 1.2, 1.3
and the lower panels for Q = 1.42, 1.5, 1.6, respectively. The corresponding metric function and energy
density are plotted in the insets.
4.2 Stable region in asymptotic dS spacetime
Now we consider the wormhole in asymptotic dS spacetime. We fix the cosmological con-
stant Λ = 0.1 in this subsection. The stable regions of the thin-shell wormhole for 4D EGB-dS
wormhole when Q = 0 are shown in Fig. 4 (with α > 0) and Fig. 5 (with α < 0). When α > 0,
the stable region is similar to the cases in asymptotic flat spacetime, except when the throat
radius tends to the cosmological horizon. The stable thin-shell wormhole are all supported by
exotic matter.
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Figure 4: The stable region when Λ = 0.1 and Q = 0 with α > 0. The upper panels for α = 0 and
1.03, the lower panels for α = 1.04 and 1.2, respectively. The corresponding metric function and energy
density are plotted in the insets.
The cases when α < 0 are different from those in asymptotic flat spacetime. As shown in
Fig. 5, the stable region enlarges first and then shrinks as −α increases. Note that now the
GB coupling constant α is bounded below by α > αc = −0.345. There are no stable thin-shell
wormhole that can be supported by normal matter in the allowed α region.
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Figure 5: The stable region when Λ = 0.1 and Q = 0. The upper panels for α = −0.01 and −0.1,
the lower panels for α = −0.24 and −0.34, respectively. The corresponding metric function and energy
density are plotted in the insets.
We show the stable region of charged thin-shell wormhole in 4D EGB-dS spacetime in
Fig. 6. For positive α, the stable region shrinks as α increases. The stable wormholes are all
supported by exotic matter with η < 0, as shown by the first two panels in Fig. 6. When
α becomes mildly negative , the stable region switches to η > 0. When −0.5 > α > −1.38,
there are stable charged thin-shell wormholes supported by normal matter with positive energy
density and positive sound speed η1/2. However, when α decreases further, the stable region
shrinks and only exotic matter can support the stable charged thin-shell wormhole.
12
.Figure 6: The stable region when Λ = 0.1, Q = 0.6. From left to right and top to bottom, the
corresponding α = 1.2, 0,−0.01 and −0.1,−0.48,−0.5 and −0.6,−0.86,−1.37 and −1.38,−1.48,−2.59,
respectively. The corresponding metric function and energy density are plotted in the insets.
13
4.3 Stable region in asymptotic AdS spacetime
The stable region of the thin-shell wormhole in AdS spacetime is very similar to the cases
in asymptotic flat spacetime. We show only two typical cases in Fig. 7. When α > 0, the
stable thin-shell wormhole are all supported by exotic matter. When α < 0, the stable thin-
shell wormhole can be supported by normal matter. For neutral wormhole, the throat radius is
large. While for charged wormhole, the throat radius can be very small.
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Figure 7: The stable region when Λ = −0.1. Left panel for Q = 0, α = −10. right panel for
Q = 1.4, α = −0.5. The corresponding metric function and energy density are plotted in the insets.
5 Summary and discussion
We constructed the thin-shell wormhole in the 4D Einstein-Gauss-Bonnet gravity with
electromagnetic field in asymptotic flat, dS and AdS spacetime and studied their linear stability
under radial perturbations. When the Gauss-Bonnet coupling constant is positive, the stable
thin-shell wormhole can be supported only by exotic matter in both flat, dS and AdS spacetime.
When the GB coupling constant is negative, the cases are different.
In asymptotic flat and AdS spacetimes, the stable neutral thin-shell wormholes which can
be supported by normal matter have finite large throat radius, while the stable charged thin-
shell wormhole that can be supported by normal matter can have both large throat radius and
arbitrarily small throat radius. The GB coupling constant is not bounded below. But the
charge of the stable thin-shell wormhole must be not too small or too large, otherwise it can
only be supported by exotic matter.
In asymptotic dS spacetime, there is no stable neutral thin-shell wormhole with normal
matter. The GB coupling constant is bounded below. The charged thin-shell wormhole can be
14
supported by normal matter only when the GB coupling constant is not too negative and not
close to zero.
It is shown that the energy condition of the Morris-Thorne wormhole is violated by some
small and arbitrary quantities at the throat for positive GB coupling constant [18]. However,
it can be expected that when for negative GB coupling constant, the energy condition can be
satisfies [9].
Acknowledgments
We thanks Minyong Guo, Peng-Cheng Li for helpful discussions. Peng Liu would like to
thank Yun-Ha Zha for her kind encouragement during this work. Peng Liu is supported by
the Natural Science Foundation of China under Grant No. 11847055, 11905083. Chao Niu
is supported by the Natural Science Foundation of China under Grant No. 11805083. C. Y.
Zhang is supported by Natural Science Foundation of China under Grant No. 11947067.
References
[1] M.S. Morris, K.S. Thorne, Wormholes in space-time and their use for interstellar travel: A
tool for teaching general relativity, Am.J.Phys. 56 (1988) 395-412.
[2] D. Hochberg and M. Visser, Null Energy Condition in Dynamic Wormholes, Phys. Rev.
Lett. 81, 746 (1998). arXiv:gr-qc/9802048.
[3] M. Visser, Traversable wormholes: Some simple examples, Phys. Rev. D 39, 3182 (1989).
[4] E. Poisson and M. Visser, Thin-shell wormholes: Linearization stability, Phys. Rev. D 52,
7318 (1995), arXiv:gr-qc/9506083.
E. F. Eiroa, Stability of thin-shell wormholes with spherical symmetry,
Phys.Rev.D78:024018,2008, arXiv:0805.1403 [gr-qc].
M. Halilsoy, A. Ovgun and S. Mazharimousavi, Eur. Phys. J. C 74 (2014), 2796
A. Ovgun, Eur. Phys. J. Plus 131 (2016) no.11, 389
A. Ovgun and K. Jusufi, Eur. Phys. J. Plus 132 (2017) no.12, 543
[5] E. F. Eiroa and C. Simeone, Thin-shell wormholes in dilaton gravity, Phys. Rev. D 71,
127501 (2005). arXiv:gr-qc/0502073.
X. Yue and S. Gao, Stability of Brans-Dicke thin shell wormholes, Phys. Lett. A 375, 2193
(2011), arXiv:1105.4310 [gr-qc].
15
M. G. Richarte, Cylindrical wormholes in DGP gravity, Phys. Rev. D 87,067503 (2013),
arXiv:1303.5158 [gr-qc].
P. Kanti, B. Kleihaus and J. Kunz, Wormholes in Dilatonic Einstein-Gauss-Bonnet Theory,
Phys. Rev. Lett. 107 (2011) 271101. arXiv:1108.3003 [gr-qc].
G. Antoniou, A. Bakopoulos, P. Kanti, B. Kleihaus, J. Kunz, Novel Einstein-Scalar-
Gauss-Bonnet Wormholes without Exotic Matter, Phys. Rev. D 101, 024033 (2020),
arXiv:1904.13091 [hep-th].
[6] E. Gravanis and S. Willison, “Mass without mass” from thin shells in Gauss-Bonnet gravity,
Phys.Rev.D75:084025,2007, arXiv:gr-qc/0701152.
G. Dotti, J. Oliva and R. Troncoso, Static wormhole solution for higher-dimensional gravity
in vacuum, Phys. Rev. D 75, 024002 (2007), arXiv:hep-th/0607062.
[7] M. Thibeault, C. Simeone and E. F. Eiroa, Thin-shell wormholes in Einstein-Maxwell the-
ory with a Gauss-Bonnet term, Gen. Relativ. Gravit. 38, 1593 (2006), arXiv:gr-qc/0512029
.M. Richarte, C. Simeone, Thin-shell wormholes supported by ordinary matter in Einstein-
-Gauss--Bonnet gravity, Phys.Rev.D76:087502,2007; Erratum-ibid.D77:089903,2008,
arXiv:0710.2041.
[8] S. H. Mazharimousavi, M. Halilsoy and Z Amirabi, Stability of thin-shell worm-
holes supported by ordinary matter in Einstein-Maxwell-Gauss-Bonnet gravity,
Phys.Rev.D81:104002,2010. arXiv:1001.4384 [gr-qc].
S. H. Mazharimousavi, M. Halilsoy and Z Amirabi, Higher dimensional thin-shell worm-
holes in Einstein-Yang-Mills-Gauss-Bonnet gravity, Class.Quant.Grav.28:025004,2011,
arXiv:1007.4627 [gr-qc].
M. H. Dehghani and M. R. Mehdizadeh, Lovelock Thin-Shell Wormholes, Phys. Rev. D
85, 024024 (2012), arXiv:1111.5680 [gr-qc].
T. Kokubu, T. Harada, Thin-shell wormholes in Einstein and Einstein-Gauss-Bonnet the-
ories of gravity, arXiv:2002.02577 [gr-qc].
[9] .M. R. Mehdizadeh, M. Kord Zangeneh and F. S. N. Lobo, Higher-dimensional thin-
shell wormholes in third-order Lovelock gravity, Phys. Rev. D 92, 044022 (2015).
arXiv:1506.03427.
[10] D. Glavan and C. Lin, Einstein-Gauss-Bonnet gravity in 4-dimensional space-time, Phys.
Rev. Lett. 124, no. 8, 081301 (2020), arXiv:1905.03601 [gr-qc].
[11] P. G. S. Fernandes, Charged Black Holes in AdS Spaces in 4D Einstein Gauss-Bonnet
Gravity, arXiv:2003.05491 [gr-qc].
16
[12] A. Casalino, A. Colleaux, M. Rinaldi and S. Vicentini, Regularized Lovelock gravity,
arXiv:2003.07068 [gr-qc].
R. A. Konoplya and A. Zhidenko, Black holes in the four-dimensional Einstein-Lovelock
gravity, arXiv:2003.07788 [gr-qc].
R. A. Konoplya and A. Zhidenko, BTZ black holes with higher curvature corrections in
the 3D Einstein-Lovelock theory, arXiv:2003.12171 [gr-qc].
S. Nojiri and S. D. Odintsov, Novel cosmological and black hole solutions in Einstein and
higher-derivative gravity in two dimensions, arXiv:2004.01404 [hep-th].
S.-W. Wei, Y.-X. Liu, Testing the nature of Gauss-Bonnet gravity by four-dimensional
rotating black hole shadow, arXiv:2003.07769 [gr-qc].
S. G. Ghosh and S. D. Maharaj, Radiating black holes in the novel 4D Einstein-Gauss-
Bonnet gravity, arXiv:2003.09841 [gr-qc].
S. G. Ghosh and R. Kumar, Generating black holes in the novel 4D Einstein-Gauss-Bonnet
gravity, arXiv:2003.12291 [gr-qc].
A. Kumar and R. Kumar, Bardeen black holes in the novel 4D Einstein-Gauss-Bonnet
gravity, arXiv:2003.13104 [gr-qc].
K. Yang, B. M. Gu, S. W. Wei, Y. X. Liu, Born-Infeld Black Holes in novel 4D Einstein-
Gauss-Bonnet gravity, arXiv:2004.14468 [gr-qc].
[13] T. Kobayashi, Effective scalar-tensor description of regularized Lovelock gravity in four
dimensions, arXiv:2003.12771 [gr-qc].
H. Lu and Y. Pang, Horndeski Gravity asD → 4 Limit of Gauss-Bonnet, arXiv:2003.11552.
P. G. S. Fernandes, P. Carrilho, T. Clifton, D. J. Mulryne, Derivation of Regularized Field
Equations for the Einstein-Gauss-Bonnet Theory in Four Dimensions, arXiv:2004.08362.
Robie A. Hennigar, David Kubiznak, Robert B. Mann, Christopher Pollack, On Taking the
D → 4 limit of Gauss-Bonnet Gravity: Theory and Solutions, arXiv:2004.09472 [gr-qc].
W. Y. Ai, A note on the novel 4D Einstein-Gauss-Bonnet gravity, arXiv:2004.02858.
S. Mahapatra, A note on the total action of 4D Gauss-Bonnet theory, arXiv:2004.09214.
H. Lu, P. Mao, Asymptotic structure of Einstein-Gauss-Bonnet theory in lower dimensions,
arXiv:2004.14400 [hep-th].
H. Lu, P. Mao, Asymptotic structure of Einstein-Gauss-Bonnet theory in lower dimensions,
arXiv:2004.14400 [hep-th].
[14] R. A. Konoplya and A. F. Zinhailo, Quasinormal modes, stability and shadows of a black
hole in the novel 4D Einstein-Gauss-Bonnet gravity, arXiv:2003.01188 [gr-qc].
R. A. Konoplya and A. Zhidenko, (In)stability of black holes in the 4D Einstein-Gauss-
Bonnet and Einstein-Lovelock gravities, arXiv:2003.12492 [gr-qc].
17
C. Y. Zhang, P. C. Li and M. Guo, Greybody factor and power spectra of the Hawking
radiation in the novel 4D Einstein-Gauss-Bonnet de-Sitter gravity, arXiv:2003.13068.
R. A. Konoplya and A. F. Zinhailo, Grey-body factors and Hawking radiation of black
holes in 4D Einstein-Gauss-Bonnet gravity, arXiv:2004.02248 [gr-qc].
M. S. Churilova, Quasinormal modes of the Dirac field in the novel 4D Einstein-Gauss-
Bonnet gravity, arXiv:2004.00513 [gr-qc].
A. K. Mishra, Quasinormal modes and Strong Cosmic Censorship in the novel 4D Einstein-
Gauss-Bonnet gravity, arXiv:2004.01243 [gr-qc].
S. L. Li, P. Wu and H. Yu, Stability of the Einstein Static Universe in 4D Gauss-Bonnet
Gravity, arXiv:2004.02080 [gr-qc].
C. Y. Zhang, P. C. Li and M. Guo, Superradiance and stability of the novel 4D charged
Einstein-Gauss-Bonnet black hole, arXiv:2004.03141 [gr-qc].
A. Aragón, R. Bécar, P. A. González, Y. Vásquez, Perturbative and nonperturbative quasi-
normal modes of 4D Einstein-Gauss-Bonnet black holes, arXiv:2004.05632 [gr-qc].
S.-J. Yang, J.-J. Wan, J. Chen, J. Yang, Y.-Q. Wang, Weak cosmic censorship conjecture
for the novel 4D charged Einstein-Gauss-Bonnet black hole with test scalar field and par-
ticle, arXiv:2004.07934.
M.A. Cuyubamba, Stability of asymptotically de Sitter and anti-de Sitter black holes in
4D regularized Einstein-Gauss-Bonnet theory, arXiv:2004.09025 [gr-qc].
P. Liu, C. Niu, C. Y. Zhang, Instability of the novel 4D charged Einstein-Gauss-Bonnet
de-Sitter black hole, arXiv:2004.10620 [gr-qc].
S. Devi, R.v Roy, S. Chakrabarti, Quasinormal modes and greybody factors of the novel
four dimensional Gauss-Bonnet black holes in asymptotically de Sitter space time: Scalar,
Electromagnetic and Dirac perturbations, arXiv:2004.14935 [gr-qc].
[15] M. Guo and P. C. Li, The innermost stable circular orbit and shadow in the novel 4D
Einstein-Gauss-Bonnet gravity, arXiv:2003.02523 [gr-qc].
X. h. Jin, Y.-x. Gao and D. j. Liu Strong gravitational lensing of a 4D Einstein-Gauss-
Bonnet black hole in homogeneous plasma, [arXiv:2004.02261[gr-qc]].
Y. P. Zhang, S. W. Wei and Y. X. Liu, Spinning test particle in four-dimensional Einstein-
Gauss-Bonnet Black Hole, arXiv:2003.10960 [gr-qc].
R. Roy, S. Chakrabarti, A study on black hole shadows in asymptotically de Sitter space-
times, arXiv:2003.14107 [gr-qc].
S. U. Islam, R. Kumar and S. G. Ghosh, Gravitational lensing by black holes in 4D
Einstein-Gauss-Bonnet gravity, arXiv:2004.01038 [gr-qc].
X. X. Zeng, H. Q. Zhang, H. Zhang, Shadows and photon spheres with spherical accretions
18
in the four-dimensional Gauss-Bonnet black hole, arXiv:2004.12074 [gr-qc].
M. Heydari-Fard, M. Heydari-Fard, H. R. Sepangi, Bending of light in novel 4D Gauss-
Bonnet-de Sitter black holes by Rindler-Ishak method, arXiv:2004.02140 [gr-qc].
[16] K. Hegde, A. N. Kumara, C. L. A. Rizwan, A. K. M. and M. S. Ali, Thermodynamics,
Phase Transition and Joule Thomson Expansion of novel 4-D Gauss Bonnet AdS Black
Hole, arXiv:2003.08778 [gr-qc].
S. W. Wei and Y. X. Liu, Extended thermodynamics and microstructures of four-
dimensional charged Gauss-Bonnet black hole in AdS space, arXiv:2003.14275 [gr-qc].
D. V. Singh and S. Siwach, Thermodynamics and P-v criticality of Bardeen-AdS Black
Hole in 4-D Einstein-Gauss-Bonnet Gravity, arXiv:2003.11754 [gr-qc].
S. A. Hosseini Mansoori, Thermodynamic geometry of novel 4-D Gauss Bonnet AdS Black
Hole, arXiv:2003.13382 [gr-qc].
S. Ying, Thermodynamics and Weak Cosmic Censorship Conjecture of 4D Gauss-Bonnet-
Maxwell Black Holes via Charged Particle Absorption, arXiv:2004.09480 [gr-qc]
[17] D. Malafarina, B. Toshmatov, N. Dadhich, Dust collapse in 4D Einstein-Gauss-Bonnet
gravity, arXiv:2004.07089 [gr-qc].
C. Liu, T. Zhu and Q. Wu, Thin Accretion Disk around a four-dimensional Einstein-Gauss-
Bonnet Black Hole, arXiv:2004.01662 [gr-qc].
F.-W. Shu, Vacua in novel 4D Eisntein-Gauss-Bonnet Gravity: pathology and instability,
arXiv:2004.09339 [gr-qc].
J. Bonifacio, K. Hinterbichler, L. A. Johnson, Amplitudes and 4D Gauss-Bonnet Theory,
arXiv:2004.10716 [hep-th].
X. H. Ge, S. J. Sin, Causality of black holes in 4-dimensional Einstein-Gauss-Bonnet-
Maxwell theory, arXiv:2004.12191 [hep-th].
B. Eslam Panah, Kh. Jafarzade, 4D Einstein-Gauss-Bonnet AdS Black Holes as Heat En-
gine, arXiv:2004.04058 [hep-th].
[18] K. Jusufi, A. Banerjee, S. G. Ghosh, Wormholes in 4D Einstein-Gauss-Bonnet Gravity,
arXiv:2004.10750 [gr-qc].
[19] S. C. Davis, Generalised Israel Junction Conditions for a Gauss-Bonnet Brane World,
Phys.Rev. D67 (2003) 024030, arXiv:hep-th/0208205.
[20] R. G. Cai, L. M. Cao and N. Ohta, “Black Holes in Gravity with Conformal Anomaly and
Logarithmic Term in Black Hole Entropy,” JHEP 1004, 082 (2010), arXiv:0911.4379.
Y. Tomozawa, “Quantum corrections to gravity,” arXiv:1107.1424 [gr-qc].
19
G. Cognola, R. Myrzakulov, L. Sebastiani and S. Zerbini, “Einstein gravity with Gauss-
Bonnet entropic corrections,” Phys. Rev. D 88, no. 2, 024006 (2013), arXiv:1304.1878.
[21] K. K. Nandi, Y.-Z. Zhang and N. G. Migranov, A Semiclassical ANEC Constraint On
Classical Traversable Lorentzian Wormholes, J. Nonlinear Phenomena in Complex Systems
9(2006)61-67, arXiv:gr-qc/0409053.
[22] M. Visser, S. Kar and N. Dadhich, Traversable wormholes with arbitrarily small energy
condition violations, Phys. Rev. Lett. 90, 201102 (2003).
K. K. Nandi, Y.-Z. Zhang and K. B. Vijaya Kumar, Volume integral theorem for exotic
matter, Phys. Rev. D 70, 127503 (2004). arXiv:gr-qc/0407079.
20
